INTRODUCTION AND REVIEW OF THE LITERATURE
In the present work an attempt was made to find out whether the peptidase activity of the human blood changes with age. Preliminary to this a study of the characteristics of peptide hydrolysis was undertaken, and the degree of enzymatic activity in the various blood constituents was investigated.
Grassmann and Heyde (1) demonstrated the ability of serum to hydrolyse di-and polypeptides. Various authors have found that the peptidase activity of serum is increased in certain pathological conditions, such as during inflammatory processes, after bone fracture, and after burns (1-4). Concerning the possible source of the serum peptidases Zamecnik, Stephenson, and Cope (4) suggest that they may derive from muscle, skin, subcutaneous tissue and erythrocytes. Fruton and co-workers (5, 6) believe that peptidases may have a common origin, most probably the lymphoid cells present in the various tissues, and that the peptidase activity of serum might be due to the disintegration of lymphoid tissue.
Peptidase activity in erythrocytes has been demonstrated by a number of investigators (4, (7) (8) (9) (10) from a normal subject and a patient with myeloid leukemia. Hydrolysis of alanylglycine by leucocytes from patients with lymphatic leukemia has been observed by Oelkers (12) .
Little is known about the relation of the age of the organism to the proteolytic activity of blood. Goldenberg and Kondrachina (13) reported that the rate of autolysis of rabbit serum at pH 1 decreases with the age of the animal. Maver and co-workers (14) , on the other hand, noted that serum from old normal rats apparently hydrolysed dl-leucylglycine at a faster rate than did the serum from younger rats.
SUBJECTS
Two groups of subjects were studied. The first group included 15 members of the staff, nine male and six female, ranging in age from 19 to 32 years. The second group of 12 comprised a number of senile patients, five male and seven female, in a mental institute. The members of this group were not bedridden, and none of them suffered from any known organic or infectious disease. Their ages ranged from 67 to 90 years.
METHOD
Twenty ml. of non-fasting blood was obtained from the cubital vein in the morning, and was poured immediately into flasks containing 40 mg. of potassium oxalate. A white blood count and differential count were made immediately. The white blood cells were separated by centrifugation of whole blood in waisted tubes (15) The substrate used was glycylglycylglycine (GGG). Hydrolysis was measured by the micro-titration technique of Grassmann and Heyde. The reaction mixture was set up in triplicate in glass-stoppered 2 ml. volumetric flasks. It was composed of 1 ml. of 0.1 M substrate, 0.2 ml. of 0.01 M cobalt sulfate, 0.01 ml. toluene and 0.8 ml. of plasma, or 0.6 ml. of distilled water and 0.2 ml. of cell suspension containing approximately 10' leucocytes or 0I erythrocytes.3 The reaction was carried out in a water bath at a temperature of 39°C and at a pH of 7.0, maintained within less than 0.1 unit by the buffering effect of the substrate which had been brought to pH 7.0 with 0.5 N NaOH. Hydrolysis during a two to four hour period was measured at frequent intervals by titrating 0.2 ml. samples with 0.01 N KOH (final concentration 90% alcohol), using thymolphthalein as indicator.
At the dilution of red blood cells used no serious difficulty with the endpoint was encountered.
RESULTS
Preliminary experiments regarding some of the characteristics of the hydrolysis of GGG will be described first. The rate of hydrolysis by plasma, 3In order to facilitate cytolysis the cell suspensions were incubated with the distilled water and the cobalt sulfate solution for 15 minutes before the addition of substrate, and the tubes vigorously agitated. Cell counts immediately after substrate addition (zero experimental time) and during the course of hydrolysis showed that the red cells were completely hemolyzed but only about 40% of the white cells from both young adult and senile subjects were cytolyzed at zero time and about 50% after two hours incubation. In all experiments the peptidase activity is based on the cell count before cytolysis occurred. to be directly proportional to the concentration of these constituents in the reaction mixture (see Table I ). The effect of metal ions on the hydrolysis rate is shown in Table II . Cobalt activates, magnesium and manganese inhibit the hydrolysis by plasma, red cells and white cells. It may be noted that a similar effect of these metal ions has been observed in this laboratory with the hydrolysis of l-leucylglycylglycine (LGG) by human serum (2) . The effect of pH on the hydrolysis of GGG by various blood constituents is shown in Figure 2 . Optimal hydrolysis occurs around pH 7.1.
The similar characteristics of the hydrolysis of GGG makes it likely that the same enzyme mechanism is involved in plasma, leucocytes, and erythrocytes. The effect of temperature was studied using serum as the source of the enzyme. The rate of hydrolysis increases with increasing temperature between 0°and 48°C, but at higher temperatures inactivation sets in (see Figure 3 ). Regarding the relative activity of the blood components, it may be seen from polymorphonuclear leucocytes and lymphocytes in the differential count was apparent, and the slight difference in the distribution of the cell types among the two groups could not account for the difference in enzymatic activity. The response to metal ion activation was compared in two subjects (Table II) and no significant difference was observed. The possibility that the difference in rate among the two groups is due to an increased state of metal activation inherent in the white blood cells of the old age group is therefore unlikely. Although no pH optimum for hydrolysis of white blood cells from old people was determined, it is evident that the differences in activity cannot be due to a different response to pH since all studies were carried out in the optimum pH range for the activity of white blood cells in young people.
DISCUSSION
The increase in peptidase activity of white blood cells from aged subjects is noteworthy from a clinical standpoint in view of the role of leucocytes in processes of infection and tissue repair. It is possible, however, that the rise in peptidase activity might be a manifestation of increased protein metabolism in general, associated with old age. It must be pointed out that the old age group was composed largely of subjects who were institutionalized because of senile mental changes, and whose food intake was probably lower than that of the control group. The study will be continued on mentally normal old people. It is of interest that insulin, a polypeptide, has been found to lose its blood sugar reducing power when it is incubated with whole blood, and that blood from old people inactivates the hormone at a significantly higher rate than blood from young people (17) . There was an indication that the leucocytes were responsible for this effect. This would be in line with the present observations, provided that a hydrolytic mechanism is involved in the inactivation of insulin.
The rise in peptidase activity of the white blood cells in the senile group was not accompanied by a significant rise in peptidase activity of plasma. This does not necessarily exclude the possibility that white blood cells are a source of plasma peptidase since the rate of dissolution of leucocytes rather than the actual activity of living cells may determine the level of enzymes in plasma. It has been observed that the leucocytes circulating in the blood stream of old people are older cells than those in the blood from young persons (18) . This indicates that the rate of turnover is lower in old age. It should, however, be kept in mind that per unit of whole blood by far the greatest enzyme activity is found in the red blood cells. Whether erythrocytes, leucocytes, platelets, or other tissue cells are the main source of the enzyme in plasma can only be determined if the rate of breakdown and turnover, as well as the relative enzyme activity of these constituents, is known. SUMMARY 1. The hydrolysis of glycylglycylglycine (GGG) by the components of blood from young adult and from senile human subjects, and the effects of metal ions, pH, and temperature on the hydrolysis were studied.
2. Hydrolysis by plasma, erythrocytes and leucocytes was activated by cobalt, inhibited by magnesium and manganese and optimal at pH 7.1. In view of the similar characteristics of hydrolysis by the blood components it was concluded that the same enzyme mechanism must be involved in all cases.
3. The enzyme activity in the formed elements by far exceeded that of serum or plasma. In normal young people a volume of packed red cells was estimated to be over 100 times as active as a volume of plasma, and packed white blood cells nearly 500 times as active as plasma. Per unit cell the activity of leucocytes from young people. was found to be about 40 times greater than that of the erythrocytes.
4. The rate of hydrolysis of GGG by leucocytes was found to be significantly higher in senile people than in young people, the average increase in rate being about 70%. On the other hand, no significant difference in rate of hydrolysis by plasma or erythrocytes of the two groups was observed.
5. The significance of these findings is discussed.
